LA-UR Y17 <OV O

LA-UR--91-2682
DE91 018022

Los Alamas Nalonal Laboralory 18 oparated by the University of Calfornia for the United Siaves Department of Energy undor contract W-7405-ENG-38

TITLE FORMATION STRENGTH PARAMETERS FROM ACOUSTIC AND DENSITY
LOGS IN EMPLACEMENT HOLES

M. Mathews, EES-1)

AUTHOR(S) .
. TFenster
H. Planncerer
SUBMITTED TO MGLS Sympos fum

Ny gt o af v b g the peahinsbog rer agngas that the 1] % Gayarnmaont iebans 8 none s lusive toyally hee i anse to puliesh or taprogduc e

Mo bbbt b i andnbighion e Ly llow othes g o so for 11 Y Govarnmant [HYLE LT LY

vers Avger ey laat o g abory equests that the pubiisier adeotity dus arbcle s work pectonmed under (he susgnn es of the L Daparimant of | neeyy

N < N\ [~ Los Alz 5 Nation: M&SIEB
| OS MALIINOS Leshamos NationlLabrrory
'.-'-":Iu-m:-j na INSTIHELITION OF THIE DOCGUMUNT 15 UINI IMITLL)
' A ']’{'-‘)


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


FORIMATION STRENGTH PARAMETERS FROM
ACOUSTIC AND DENSITY LOGS
IN EMPLACEMENT HOLES

M A Mathews, R A Fenster and H N Plannerer

l.os Alamos National Laboratory

DISCLAIMER

. o an acconnt ol work apormareld By apeney ol the nted States

tmment  Nether the Uned States Cenernment oor any apency thereat oo any ol then
vplovees makes any o warranty expresss or nephed or assmes oy depal Taaaliy or espansg
bl for the acvuee o completeness o useluloess of sy mbormaton apparatiey peoduct, o
prowese dec loned o vepresents that i e wonhl nal antomge prscely owned nphts Refer



FORMATION STRENGTH PARAMETERS FROM ACOUSTIC AND DENSITY LOGS
IN EMPLACEMENT HOLES

ABSTRACT

A new acoustic tool for dry emplacement holes has been built
and tested in seveial emplacement holes. This tool uses a
large hammer source and 3 piezo-electric transducers that
are independently pressed against the borehole wall. The
detectors are 6, ¢ and 12 ft from the hammer source. A pure
gel is injected between these detectors and the borehole
wall to eliminate any air space. The compressionzl wave
travel time and the shear wave travel time are recorded at
each detector. The compressional wave velocity (V,,) and the
shear wave velocity (Vg) are calculated from the t?avel time
differences between the 3 detectors and their separations of
3 and 6 ft.These velocity values along with the bulk density
obtained from the density log are used to calculate the
Elastic Constants of Young’s Modules, Bulk Modules, Shear
Modules and Poisson’s Ratios. These elastic moduli compared
favorably to some core derived elastic moduli obtained from
emplacement hole Ul9ba. These mechanical rock properties
are presently used in phenomenolcgical analysis and seismic
verification assessment.

The V., velocities obtained from the acoustic logs in Ul9ba
and Ugmt compared reasonably well with the geophone survey
velocities from thcese cemplacement holes. The only major
Jifferences occurred in the fracture intervals of I119ba
where the fracture intervals were identified with the
borehole camera. The geophone velocities were much less
than the acoustic velocities in these fractured intervals.



INTRODUCTION

Source region characteristics of underground nuclear
explosions and the formation strength parameters in this
region are presently being investigated for verification
purpeses. Calculations of the effects of undergronund
nuclear explosions require reasonable knowledge of the
compressional (Vp) and shear (Vs) wave velocities and also
the density (D) of the geological materials above the source
region. Combining these physical parameters yields the
formation strength parameters of Young’s modulus, Bulk
modulus, Shear modulus and Poisson’s ratio an: these
parameters can be used to characterize the elastic behavior
in the linear elastic environment above the source region.

The Vp and Vs/pR (pseudo Rayleigh wave velocity) velocities
are calculated fror the compressional and shear/pseudo
Rayleigh wave travel times that are measured in emplacement
holes by the Los Alamos Dry Hole Acoustic Log (LADHAL). A
relatively low frequency energy wavelet follcows the
compressional wavelet and this low frequency wavelet has
been identified as a pseudo Rayleigh wave,reflected conical
wave or shear normal modes. Theoretical analysis (Biot,
1952, Cheng and Toksoz, 1981, Paillet and White, 1982 and
Paillet and Cheng ,1986) describe these waves. An estimate
of Vs can be made from the Vs/pR data (Newmark, 1987).
Emplacement holes are air filled and uncased and have a
diameter of 8 ft (2 44 m) and a depth range of 690 to 3000
ft (185 to 915 m). The LADHAL tool is a full-waveform
acoustic-logging device that operates against the borchole
wall and has a hammer source and threa2 recceivers. The
spacing between the hammer impact area and the three
receivers is 6 (1.83 m), 9 (2.74 m) and 12 ft (3.66 m) (sece
IFig 1). Compressional and shear/pseudo Rayleigh  wave
travel times are measured in cach receiver anrd 3
compressional and 3 shear/pscudo Rayleigh velocitices are
calculated. These velocities are calculated boetween the o
to 9 1t receivers, the 9 to 12 {t receivers and the 6 to 12
it receivers. The shear/pscudo Rayleigh velocity i
converted to snear velocity. The density data are acquired
lrom the gamma-qgamma backscaitter density log. Thenie data
a.-¢e combined to determine the formation sitrength or elastic
parametoers of the linear elasitic reqgion above the nuclear
explosion source arca.

ACOUSTIC SOURCE INVESTIGATITON

The standard source for borchole acousit e logoging 10 the
piczoclect ric source,  This sonree was considered ansuit able
for large hole (8 1, 2,44 m, diometer ) acount ie Logogineg
at the Nevada Test Site (N1Y) because of the Jow velocity,
loosely coapacted formations routinely encountered. A
higher energy source was desired with the tollowing
characterist ics:



1) no chemicals, explosives, high pressure or potentially
hazardous devices could be used;

2) consistent energy levels;

3) a frequency response suitable for obtaining accurate
first break compressional wave speed times in formations
with velocity ranges of 2000 to 20000 ft/s (600 - 6000 m/s);
4) sufficient energy so that a receiver could detect the
source signal at a distance of 15 ft (4.6m) from the source;
ard

5) high reliability, low maintenance and low operating
costs.

An investigation of possible sources revealed that Southwest
Research Institute (SWRI) had developed an arc-discharge
source that was used in undersea surveys. This source
emitted energy levels that were an order of magnitude larger
than piezoelectric transmitters of comparable size. SWRI
was contracted to develop a scurce smaller than the underseca
source, using the same principals and suituable for a dry
hole environment. SWRI produced an arc-discharge source and
the documentation detailing the design, construction and
testing of this source. This source was powered at 18.4 ft
lbs (25 joules) and compared to a piezoelectric source
powered at 0.8 ft 1bs (1.1 joules). The two sources were
physically about the same size and weight. The signals
detected from these two sources showed that the arc-
discharge transducer was 13 db larger in received encrgy
than the piezoelectric transducer and the arc-discharge
transducer had faster rise times and higher frequency
contents than the pieroclectric transducer.

Field testing under actual logging condi*ions revealed that
the SWRI arc-discharge transducer source was still too small
for the intended dry hole acoustic use. The power
requirements used tor the arc-discharge transducer were
rcasonable considering the logging cable limitations, but to
continue to develop cloctrically powered sources with higher
cnergy outputs would not be feasible. An investigation ol
mechanical sources was begun.

A weight drop system was investigated. There were concern:
about encerqgy requirements to lift the mass, frequency
response ot the acousitic signal and noise generaticn from
the falling mass. Field testing with a 12 1h (3.9 Kg)
sledge hammer established that a signal at 19 1t /4.6 m)
could be reasonably detected.  Betore committing to a
talling mass source, on offort was made to compare a high
mass, low velocity source to a low mass, high velocitly
snource of cqual energy. A L22 caliber Long Riflle pintol
bullet has comparable energy to o 12 poudd hammer dropped
trom o height ot 3 tt. A 38 caliber pistol buliet which
has more enerqgy than either was also compared.,

A simple test involved laying out some piczoclectric
receivers cortain distancoes trom a source target . The
source target would be struck by the hammer and the hal et
An oscilloscope pulae was generated as the initial energy



t, initial time) arrived at the source target by the source
mechanism ( hammer or bullets ) crushing 2 thin sheets of
metal foil separated by a thin shect of paper, which
completed an electric circuit. The energy transmitted to
the rock material under the source target (soft soil,
sandstonz and dolomite ) was later received by the
piezoelectric detectors. The detected results indicated
that very little acoustic energy was transmitted to the rock
material by either hullet. Evidently the high frequency
energy transmitted into the rock material was quickly
attenuated because only a very small response was detected
at the receivers. The hammer source transmitted a
reasonable amount of energy into the rock material because a
large response was detected at the receivers.

The hammer was chosen as the source and other benefits
became apparent. These were:

1) the hammer would rebound according to the coefficient of
restitution of the rock material;

2) the period of the hammer was long compared to the
velocity of the rock material and did not interfere with the
recording of the speed of the signal; and

3) the hammer source characteristic:s adapt to the type of
rock material to produce optimum trarsmission and recording
results.

In high velocity, hard rock materials the hammer rebounds
are large, very little energy is experied in rock crushing,
the hammer energy is transmitted quickly into the rock, and
most of the energy transfer is clastic. A low energy but
high frequency acoustic signal is transmitted in high
velocity, hard rock material. 1In low velocity, soft rock
materials the hammer rebounds are small , most of the hammer
cnergy is absorbed, substantial rock crushing occurs, and
low trecquency energy is transmitted A high cenergy but low
frequency acousitic signal is transmitted in low velocity,
sott rock material. Approximately the same accuracy of wave
specd measurement can be made throughout the velocity range
ot rock materia! at the NTS using the hammer source.

ACOUSTIC DETECTOR INVESTIGATION

Using the hammer as an acocustic source which provided
abundant acoustic enerqgy, canceled the need to develop
detectors with ultra-sensitivity,  When weaker sources wore
under consideration, an investigation ot pieczoelectric
receiver characterist ics was made, stressing divections ity
and coupling, to optimize sensitivity and acouracy,

Many laboratory tests were conducted to study receiver
tesponse:s vith o view towards getting an engineoring "ftoeel"
and recording relative responses Lo various coupling
paramcters, The goal was to detormine opt imum transducer
pressure, shape ot the trancducer/rock intertace, efttect ol



air gaps, effect of various membranes, and the effects of
adding various types of interface ma.crials.

The laboratory tests contained a piezoelectric transmitter
fired with a pulse of adjustable amplitude. Various
materials were used to transmit sound, including wood beams
(8x6x50 in, 20x15x153 cm), steel plates (1/4 in, 0.64 cm
thickness), and rock slabs (sands one and granite). The
receiver was the same as the transmitter. The signals from
the receiver were recorded directly on a Nicolet digital
scope and stored on disks. A synchronized pulse from the
transmitter was used to trigger the oscilloscope and provide
a time reference that was usad to judge relative response
only and not fo determine actual travel times through thue
materials.

The resultant waveforms were studied comparatively and
several design factors became apparent. Coupling
characteristics could be changed by adding pressure to the
transducer to force firmer contact; by adding various
fluids, gels, and compounds to the interface between the
transmitter and the medium; and by inserting various
materials between the trarsducer and the medium. The
various coupling characteristics obtairad from tests were:

1. Coupling affected amplitude of the acoustic arrivals and
the apparent travel time. As coupling improved, the first
arrival was detected earlier (by first break and by peak) by
as much as 50 micro-seconds, and the amplitude of the first
arrival increased by a factor of 10.

2. Coupling was degraded as the surface arca oi the contact
was reduced.

3. Coupling improved as air was displaced with a pure gel.
Compounds, such as Lubraplate, tended to absorb acoustic
cnergy and contribute to attenuation.

4. Improving the coupling of the transmitter transducer was
as critical as that of the veceivers to improving detected
response.

b.  The technique of using a fluid tilled bag as an
interface to couple transducers to dry rock did work,
because any material used to contain the fluid and touqgh
cnough to withstand borchole rugosiity acted as an

at tenuat or.

6. Coupling improved with transducer pressare, up to about
2 Iba (11,4 k). BHeyond that pressure the gignal would
degrade slight ly.



7. If the coupling characteristics of the receiver
transducers are not the same, there will be inaccuracies in
the time measurements.

8. The effects of poor coupling are more noticeable as the
velocity of the medium increases.

9. A membrane or thin plate of any material tested
(plastic, rubber, leather, tin, lead, paper, etc) placed in
the interface between the transducer and medium would
attenuate the signal, but if the membrane or plate was
coated on each side with a gel, the effect of the membrane
was indistinguishable from an interface containing gel only.

10. The transducer should not be mounted to any support
which may act as a vibrating member. The mass of the
receiver appears not to be a major factor in improving
transmissibility, if contact force can be applied.

11. The amplitude of the first arrival is directly
proportional to the amplitude of the voltage pulse firing
the transmitter.

The decision to clamp the receivers with about 25 1lbs (11.4
kg) of force and to inject a gel into the interface between
the transmitter and the borehole wall to displace air were

made from these tests.

SWRI was contracted to study the receiver design. They
recommended the development of shear polarized piezoelectric
transducers and designed, built and tested three
transducers. The laboratory tests, conducted under
controlled conditions , indicated that these transducers
were superior to transducers polarized along the radical
axis in sensitivity to siignal expected to radiate from the
side of the borchole. The pressure wave front radiates
vertically along the side of the borehole, and a transducer
sensitive to this directional wave would be superior.
However, fiecld tests conducted on various exposed rock
surface 1nd concrete slabs belied this logic. The standard
of {-the-shel! radial transducers significantly out-performed
the SWRI transducers in all field tests.

TOO6 DESCRITUPTION AND WAVEIFORMS fRECORDED

The components of the downhole system are mounted on a
carrier ot tiberglass construction (seoe Fig 1).  The 18 (6 (
5. m) carrier will log in Loreholes trom 86 in (2.18 m) to
120 in (3.05% m) in diameter.  The carrier was adapted tor
e anoa test bed tor acoustic logying rescarch atter having
sorved in other downhole tost ing.



The acoustic energy source is the 12 1lb (5.45 kg) hammer
mounted at the upper portion of the carrier. The hammer
assembly slides on a track, which is acoustically isolated
from the carrier, to position the hammer properly for a
strike. An accelerometer is mounted on the hammer head
provides a trigger source for the oscilloscope. A belt
driven potentiometer measures the rotational position of the
hammer. The hammer is lifted by a starter motor which kicks
the hammer into the raised position where it latches into
place, until released by the air pressure actuated latch.

There are three receivers mounted at 6,9 and 12 ft (1.83,
2.74, and 3.66 m) spacings below the hammer impact point.
Each of the receivers are mounted on individual rams
adjusted to exert 25 1lbs (11.4 kg) force. The receiver
assembly contains the three rams and the transducer sub-
assemblies and provides for acoustic insulation from the
carrier. The receiver transducers are each mounted in foam
filled cylinders for insulation. There is a faceplate
attached to each transducer so that fluid can be pumped into
the device to displace the air between the faceplate and the
formation. The receiver amplifiers operate in two modes, a
high gain setting amplifies the compressional waves for
optimum recording and a low gain position allows the entire
wavetrain to be recorded with minimum distortion. The high
gain mode will saturate later arrivals, and also must be
clipped to +/- 0.5 volts to minimize crosstalk effects,
since all three signals are transmitted live to the surface
in analog form. The low gain position allows signals to be
recovered for shear wave picks and general signal analysis
(compressional waves are of course present but too weak to
pick accurately).

The tool is extended (opened) by hydraulic pressure and
retracted (closed) by air pressure. 1In addition to the rams
on the hammer assembly and the three receivers, there are
two reaction rams mounted on the opposite side of thec
carrier. There is an emergency dump valve to dump the
hydraulic pressure should there be a failure which prevents
closing the tool while downhole. The squirter system forces
a gcl out of a orifice on the transducer faceplate to till
any gaps between the transducer and the formation. The
squirter is operated as an option and the quantity ot fluid
is a function of the time operated, usually 1% to 30
scconds.

The major components of the downhole system are:
1. hammer astsembly:

2. roceiver ansembly - centaining three receivers;
1. clectrocics - signal, diagnostics and control;
4. hydraulic system;

H. pheumatic system; and

6. nquirter sysitem.



The major components of the surface equipment are:
1. Nicolet digital oscilloscope;

2. depth measurement system;

3. control panel:;

4. industrial 386 PC computer;

5. DC power supply:;and

6. 660 VAC source.

The signals sent from the downhole tool are.
1. the three receiver acoustic waveforms;
2. hammer position;

3. hydraulic pressure;and

4. oscilloscope trigger.

The control signals from the surface are:

1. Extend tool;

2. Retract tool;

3. Release hammer;

4. Lift hammer;

5. Squirt fluid;

6. Emergency dump; and

7. Recording mode (compressional or shear wave).

A typical station record requires about five minutes. The
tool is placed into position by the winch operator and is
extended for about two minutes. The mode is set for shear
wave recording and the hammer is released. The: waveforms
captured on the Nicolet oscilloscope and are transferred to
the PC computer which assigns file names to the data and
stores it. The hammer is lifted and the mode switched for
compressional wave acquisition. The hammer is released and
the data again is transferred to the PC computer. This time
the PC computer applies an algorithm to determine arrival
times based on first break analysis, calculates travel times
and velocities, stores the waveforms on disk, and stores the
calculated data in a data file. The operator can override
any machine calculations with visual picks and manual
inputs. After determining that the data is acceptable, the
hammer is litted, the retraction process is activated, and
the carrier is moved tu a new location.

Post-)joub processing requires reviewing many (30%) of the
automatic picks for compressional wave velocities by
examining the wavetorms previously recorded and modifying
the data file. The waveforms are also graded as to the
quality ot the first arrival and this information is
included in the data file. When first breaks are not well

detined, other methods might be used, such as peak detection
or determining consistent points at some level above the
basel ine. The shear wave travel times must then be picked

and processed to determine the shear velocities..  Finally
the data are plotted and prosenteed.



Experience has shown that the first strike of the hammer is
not the optimum for measuring compressional wave arrivals
because of energy expended in rock-crushing. Second and
subsequent blows yield superior results because the first
break has a faster rise time and is better defined.

Signal integrity is largely dependent on preventing
electrical or mechanical noise from distorting the waveforms
as they are recorded. The source assembly was acoustically
isolated from the carrier by pneumatic shock absorbers, and
was designed to free fall as noise. The trigger
synchronized signal is processed downhole to go high and
stay high for 10 ms so it will not interfere with signal
integrity. The diagnostic signals, hammer position and
hydraulic pressure, are brought to zero during this
interval. The hammer position indicator is used to record
rebounds. With further study, there may be useful
information gleaned from such data.

Examples of various waveforms recorded at a depth of 130 ft
(39.6m) in emplacement hole ul9bg are exhibited in Figs 2
through 7. The compressional velocity at this depth is
approximately 3000 ft/s (915 m/s). The conpressional
waveforms of P 130-1,-2 and -3 show good development and the
first breaks are easily identified. The closet waveform is
P 130-1 which is 6 ft (1.83 m) from the source and the
furthermost waveform is P 130-2 which is 12 ft(3.66 m) from
the source while P 139-3 is 9 ft (2.74 M) from the source.

A Fourier transform of these data ( see Fig 2) shows a
frequency peak at approximately 500 Hz. ‘The shear/pseudo
Rayleigh waveforms for these same detectors, S 130-1, -2 1nd
-3, are well developed for all detectors and easily
identified. A Fourier transform of this data ( see Fig 8)
shows a frequency peak of 200 Hz.

Examples of additional waveforms recorded at a depth of 600
ft (132.9m) in Ul9bg where the compressional velocity is
approximately 10000 ft/s (3048 m/s) are seen in Figs 9
through 14. Again the compressional waveforms are well
developed for all detectors (P 600-1 is 6 ft (1.83 m)from
source, P 600-3 is 9 ft (2.74 m) from source and P 600-2 is
12 ft (3.66 m)from source) and the first breaks are easy to
identify. The trequency responses of this data shown in Fig
15 have a frequency peak at approximately 1500 Hz. The tar
detector, P 6C0-2, exhibits a double peak and a frequency
content range of 750 to 1500 Hz. The shear/pscudo Rayleigh
waveforms are dgenerally well developed. The pseudo Rayleigh
wave of the fal detector, S 600-2, is not as well developed
1s the others because this detector is probakly not well
coupled to borchole wall. The frequency responses of this
data are shown in Fig 1% where a double pecak of 900 and 1600
Hz is scen tor the near detectors and the frequency response
of (900 to 113156 Hz 15 seen for the tar detector.  Poor
coupling ot this detector probably accouants tor its slightly
different response.  From theose examples, a high frequency



compressional wave is seen followed by lower frequency wave
that has been identified previously as a surface wave and
not a shear wave.

Newmark (1987) using Biot’s (1952) derived expressions fur
the phase and group velocities of axlal-symmetric surface
waves along a borehole showed that in an air filled
emplzcement hole with a diameter of 2.44 m, the pseudo-
Rayleigh velocity needed a small correction to convert this
velocity to shear velocity. The pseudo-Rayleigh velocity
was multiplied by a factor that varied from 1.04 to 1.14 as
Poisson’s ratio varied from 0.0 to 0.5. Using a multiplier
factor of 1.09 (this factor corresponds to a Poisson’s ratio
of 0.25) to correct the pseudo-Rayleigh velocity to shear
velocity only introduces a-+ 4% variation in the resulting
estimate of the shear velocity for a range in Poisson’s’
ratio of C€.0-0.5. It was also shown from laboratory
measurements and refraction surveys (Constantino and Bonner,
1980 and Carroll, 1986) that Poisson’s ratio varied from 0.2
to 0.4 for the NTS tuffs in areas 19 and 20. If Poisson’s
ratio is in this range than the uncertainty in the estimate
of the shear velocity due to the uncertainty in Poisson’s
ratio is only -+ 2%. All of the pseudo-Raleigh velocities
were increased by a factor of 1.09 and called shear
velocities.

VELOCITY RESULTS

A comparison of acoustic and geophone compressional velocity
was made in 4 emplacement holes of U3dmt, Ul9az, Ul9ba, ~nd
Ul9bg. Also the bulk density from gamma-gamma backscatter
and grevity tools ,the stratigraphy, and the fractures
located by camera are compared to these velocities. A
routine geophone survey is accomplished with an air gun
source at the surface near the hole while a geophone is
hydraulically clamped at 50 ft (15.24 m) spacing downhole.
The results of these comparisons can be ::een in Fig 16
through 19.

The character of the bulk density curves and the acoustic
compressional velocity compare reasonably well in

emplacement hole U3dmt shocwn in Fig 16.. Dense thin layers
shown by the gamma-gamma density probe are seen as high
velccity layers by the acoustic probe. These ayers are
basalt flows or welded tuff units which have | gher
velocities and densities. The gecophone compressional
volocities do not have the same pattern as the acoustic
compressional velocities in these thin high velocity layers.
The radius of investigation is too large and velocity
properties are averaged over larger iptervals. The acoustic
compressional velocities generally agree reasonably well
with the geophone compressional velocities away trom these

thin high velocity layers.  The same pattern is seen in Fig



17 through 19 between the bulk density the acoustic
compressional velocity. Fractures that were observed in the
camera log are also shown. These fractures are generally
vertical cooling fracturec. Dense intervals occur in these
fractured units and the acocustic compressional velocit,
increases also in these units. The geophone compressional
velocity generally does not correspond to these intervals
because the geophone technique has a larger radius of
investigation and averages the high velocity intervals with
the normal velocities. Also the fractured intervals appear
not to greatly influence the geophone conpressional
velocities even though there may be some attenuation of
these compressional velocities.

No ultrasonic core p-wave information to compare with
acoustic or geophone p-wave information.

Generally no shear wave ir.formation is obtained from the
geophone surveys. At the present time no ultrasonic core s-
wave information is available tc compare to the acoustic s-
wave data.

The comparison of the compressional and shear velocities and
the formation strength parameters or the elastic moduli for
three emplacement holes (U3mt, Ul9ba and Ul9bg) are shown in
Figs 20 through 25. The compressional and shear velocities
of each emplacement hole outline the zones of both weak and
competent rock. Poisson’s ratio is generally between 0.2 to
0.4 for holes Ul9ba and Ul9bg which are drilled 'n volcanic
tuffs and basalts. Poisson’s ratio is less than 0.2 in hole
U3dmt which is drilled in Quaternary alluvium and in part
less competent tuffs. Also the elastic moduli of shear
modulus, Young’s modulus and bulk modulus are shown.
Competent rock layers are outlined by thesc elastic
parameters and weak units or intervals are also seen.

Presently no comparison can be made of core elastic

constants and log derived clastic constants.

CONCLUSTONS
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